Burkholderia kururiensis, strain M130, an endophytic diazotrophic bacterium isolated from rice roots, produces acetylated acidic exopolysaccharides which can be separated by anion exchange chromatography. These were characterized by nuclear magnetic resonance spectroscopy, methylation analysis and Smith degradation. The exopolysaccharides eluted with 0.5 M NaCl were produced when the bacterium was grown in a medium containing mannitol as the sole carbon source, and showed to be a mixture of two different polymers, composed of hepta or octasaccharide repeat units, consistent with following structure: 3
Introduction
Nitrogen-fixing bacterium Burkholderia kururiensis strain M130 (Martínez-Aguilar et al. 2008 ), a species mentioned in the literature as "B. brasilensis" (Baldani et al. 1997) isolated 1 To whom correspondence should be addressed: Tel: +55-21-2562-6646; Fax: +55-21-2280-8193; e-mail: luciamp@biof.ufrj.br 2 These authors contributed equally to this study. from roots of rice plants, and B. kururiensis strain KP23
T (Zhang et al. 2000) have been shown to be an endophyte able to colonize the internal tissues of healthy plants (Magalhães Cruz et al. 2001; Mattos et al. 2008) . Unlike legume root nodulating symbionts, endophytically associated bacterial species have developed intimate and mutually beneficial interactions with different parts of the plants, colonizing roots, steams, and leaves. In both nodulating and endophytic bacteria, however, a specific relationship between exopolysaccharide (EPS), capsular polysaccharide (CPS), or lipopolysaccharide (LPS) and host plant has been proposed (Skorupska et al. 2006; Soto et al. 2006; Newman et al. 2007; Rodríguez-Navarro et al. 2007 ), but the molecular mechanisms underpinning this interaction remain unclear.
EPSs are abundant extracellular products accumulated on the cell surface and secreted into the cell's surroundings. Forming a highly polymerized, hydrated, anionic matrix with a peripherical localization suggests that EPS protects bacteria against environmental stresses such as desiccation or toxic molecules, and provides the first contact between the bacteria and plant cell surface (D'Haeze et al. 2004) . Studies with rhizobial EPS indicate its participation in the plant invasion process, probably through adhesion, suppression of plant defenses, or protection against antimicrobial compounds. EPS also seems to play an active role in the nitrogen-fixing symbiosis, occurring within the root nodules (Cheng and Walker 1998; González and Marketon 2003; D'Haeze et al. 2004; Wang et al. 2008) . Recently, Jones et al. (2008) suggested that a symbiotically active EPS acts as a signal to plant hosts to initiate infection through thread formation and that in the absence of this signal plants terminate the infection process, perhaps via a defense response.
The structures of the repeat units of polysaccharides from the Burkholderia species, B. cepacia (Cérantola et al. 1996 (Cérantola et al. , 1999 , B. vietnamiensis Wilkinson 1996, 1997) , B. caryophylli (Adinolfi et al. 1996) , B. gladiolli (Galbraith and Wilkinson 1997) , B. pseudomallei (Steinmetz et al. 2000) , B. caribensis (Vanhaverbeke et al. 2001) , B. multivorans (Ieranò et al. 2009 ), and B. tropica (Serrato et al. 2006) , have been determined. We previously demonstrated (Mattos et al. 2001 ) that "B. brasilensis," recently confirmed as B. kururiensis strain M130 (Martínez-Aguilar et al. 2008) , produces large amounts of acidic EPSs which were separated by anionic exchange chromatography into two high-molecularweight fractions, named EPS A and EPS B. The structure of the pentasaccharide repeat unit of EPS A was shown to (Mattos et al. 2001) . In the present work, we report the structure of the repeat unit of EPS B, which was eluted at higher ionic strength. EPS B was a mixture of two polymers composed of a hepta-or octasaccharide repeating unit, when the bacterium was grown in the mannitol-containing medium.
Exopolysaccharide structure from diazotrophic Burkholderia strain The data correspond to intact and the carboxyl-reduced permethylated EPS B subjected to a methanolysis and acetylation and the resulting partially methylated and acetylated methyl glycosides; b hydrolysis, reduction, and acetylation and the resulting partially methylated alditol acetates (PMAA).
Results

Isolation, purification, and composition of the EPS B
The EPS produced by B. kururiensis strain M130 (Baldani et al. 1997; Martínez-Aguilar et al. 2008 ) was isolated from culture supernatant by precipitation with ethanol and purified by anion exchange chromatography. The EPS fraction eluted at 0.5 M NaCl was designated EPS B and is the subject of this study. Carbohydrate analysis of EPS B by gas-liquid chromatography (GC) and GC-mass spectrometry (MS) showed the presence of galactose (Gal), glucose (Glc), and rhamnose (Rha) in a 3.0:1.4:1.0 molar ratio, together with small amounts of glucuronic acid (GlcA) and mannose (Man). In addition, a GC peak was observed with a retention time and an electron impact mass spectrum characteristic of an aldobiuronic acid. Monosacccharide analysis of the carboxyl-reduced EPS B by GC and GC-MS of the trimethylsilylated methylglycosides demonstrated the presence of Gal, Glc, Man, and Rha in a molar ratio of 2.9:2.6:1:1. The appearance of Man (1 mol) and the concomitant increase in Glc content (2.6 mol) in relation to Gal and Rha suggested that the aldobiuronic acid is composed of GlcA and Man. Furthermore, the GC analysis of alditol acetate derivatives of EPS B showed the presence of Gal, Glc, GlcA, Man, and Rha in a molar ratio of 2.8:1.4:0.9:0.9:0.8. Taken together these results show that the EPS B is constituted of Gal, Glc, GlcA, Man, and Rha in a molar ratio of 3:1.5:1:1:1. Absolute configuration determination (Gerwig et al. 1978) showed that all monosaccharides have the D configuration.
Methylation analysis
Methylation analysis of intact and carboxyl-reduced EPS B was carried out using O-acetylated partially O-methylated methylglycoside or permethylated alditol acetate (PMAA) derivatives (Table I ). The presence of nonreducing terminal Gal; 2,3,4-tri-substituted GlcA (identified as 6-mono-O-methyl-6,6-d 2 -methylglucose or 6-mono-O-methyl-6,6-d 2 -glucitol acetate); 3,6-di-susbstituted Man; 3-substituted Glc; nonreducing Glc; 2,3-di-substituted Rha; and 2-substituted Rha in a peak area ratio 2.7:1:1:1:0.4:0.4:0.3 suggested that EPS B contains highly branched oligosaccharide repeating units. Comparison of the methylation analysis data of carboxyl-reduced and intact EPS B shows the disappearance of methyl-2,4-di-O-methylmannoside and methyl-6-O-mono-methylglucoside, indicating that in the intact EPS B the GlcA is linked to O-3 or O-6 of the Man residues. To define the position of attachment, EPS B was subjected to partial acid hydrolysis and the products separated on a Bio-Gel P-2 column. Carbohydrate analysis of purified aldobiuronic acid indicated that it is composed of equimolar amounts of GlcA and Man. Methylation analysis of permethylated aldobiuronic acid reduced with LiBH 4 prior to methanolysis demonstrated the presence of methyl-2,3,4,6-tetra-O-methylglucoside and 2,4,6-tri-O-methyl-1,3,5-tri-O-acetyl mannitol. These results show that the Man unit is substituted on O-3 by GlcA, i.e. is GlcA(1→3)Man. The fractional molar ratio observed among the methylated derivatives of nonreducing terminal Glc, 2,3-di-O-substituted Rha and 2-O-substituted Rha, together with the fractional molar ratio between Glc and other monosaccharides suggested that the EPS B could be a mixture of two polysaccharides: one containing a heptasaccharide repeat unit and the other an octasaccharide repeat unit. To obtain further information the EPS B was submitted to Smith degradation.
Smith degradation of the EPS B
Smith-degraded de-O-acetylated EPS B (Sd1 EPS B) was isolated by gel filtration on a Bio-Gel P-6 column as a polymer composed of GlcA, Man, Glc, and Rha in a 1:1:1:0.5 molar ratio. As expected from the methylation analysis of EPS B, all Gal residues were destroyed by periodate oxidation. Methylation analysis of permethylated and carboxyl-reduced Sd1 EPS B showed the presence of nonreducing terminal Rha; Native EPS produced by B. kururiensis strain M130 was chromatographed on a MonoQ anion exchange column equilibrated and initially eluted (10 min) with a 0.01 M phosphate buffer, followed by a 0-1 M NaCl linear gradient over 120 min (gray squares) at a flow rate of 3 mL/min. Fractions were tested for the presence of neutral sugar at 490 nm (black circles) using a colorimetric reaction. The EPS fraction eluted at 0.5 M NaCl was designated EPS B and was the subject of this study.
3-substituted GlcA (identified as methyl-2,4-di-O-methyl-Glc; 3-substituted-Glc); 3-substituted Man and 3,4-disubstituted GlcA (identified as methyl-2-mono-O-methyl-Glc) in a relative proportion of 0.4:0.5:1:1:0.5. These results suggested that Sd1 EPS B was constituted of equimolar amounts of linear tri, and of branched tetrasaccharide repeat units. Taking into account the results of the structural characterization of the aldobironic acid GlcA(1→3)Man, the following monosaccharide sequence could be proposed for the tetra and trisaccharide repeat units:
From these data, it was deduced that the main chain of the hepta-and octasaccharide repeat units of EPS B was constituted of trisaccharide repeat unit with the following structure → 3Glc(1→3)GlcA(1→3)Man(1→. The presence of the Rha side chain on O-4 of the GlcA was confirmed by Smith degradation of Sd1 EPS B. The polysaccharide fraction recovered in the void volume, of a Bio-Gel P-6 column after Smith degradation of Sd1 EPS B, designated Sd2 EPS B gave, after complete acid hydrolysis, Man, Glc, and GlcA in a molar ratio of 1:1:1. Methylation analysis of permethylated Sd2 EPS B, reduced with LiBH 4 prior to methanolysis, demonstrated the presence of 3-substituted GlcA; 3-substituted Man; and 3-substituted Glc in approximately equimolar amounts. The fact that the second Smith degradation cycle converted the 3,4-di-substituted GlcA to 3-substituted GlcA is consistent with a Rha(1→4)GlcA branch in the oligosaccharide repeat units of EPS B. The other side chains present in the EPS B backbone were determined by NMR spectroscopy.
Smith degradation was also used to localize the acetyl groups detected by NMR in the native EPS B (Figure 1 ). Smith degradation of native EPS B yielded threitol, glycerol, and a polymeric polysaccharide composed of Glc, GlcA, Man, and Rha while de-O-acetylated EPS B gave glycerol and a polymeric polysaccharide constituted of Glc, GlcA, Man, and Rha. The formation of threitol in the Smith degraded native EPS B means that some of Gal units were substituted on position 4 by the acetyl group.
NMR studies Attempts to assign the proton anomeric signals of native EPS B were unsuccessful due the poorly resolved 1 H NMR spectrum in the low field region (Figure 2A ). However, it was possible to observe signals in the high field region typical of methyl protons of the acetyl group at 2.2 ppm and resonances signals between 1.3 and 1.2 ppm, characteristic of 6-deoxyhexoses. Integration of these signals indicates the presence of one O-acetyl group per repeat unit of EPS B. To achieve good resolution of the NMR spectra, the EPS B was de-O-acetylated.
The 1 H-NMR spectrum of de-O-acetylated EPS B (Figure 2B ) contained eight signals in the anomeric region between 5.6 and 4.4 ppm ( Table II) (Table II) . Volume integration indicated that latter signal (δ C 104.43) arises from two anomeric carbons. Analysis of the COSY, TOCSY, and HSQC-TOCSY (Crouch et al. 1990 ) spectra and the 1 H-13 C HSQC spectrum identified the 1 H and 13 C resonances from the 2,3,4-substituted α-GlcpA; 3,6-substituted α-Manp; 2-substituted α-Rhap; 2,3-substitued α-Rhap; 3-substituted β-Glcp; terminal α-Galp; terminal β-Galp; and terminal β-Glcp residues. According to the relative intensity of these resonances, three of the sugars are present nonstoichiometrically. The linkages between the sugar residues were determined from an HSQC-NOESY correlation experiment ( Figure 5 ) (Crouch et al. 1990 ) and a ROESY spectrum. Interglycosidic correlations were observed between the α-GlcA H-1 and α-Man H-3; α-Man H-1 and β-Glc H-3; β-Glc H-1 and α-GlcA H-3 confirming the sequence of the trisaccharide main chain. nOe contacts were observed between anomeric protons of both the 2-substituted α-Rha and the 2,3-α-Rha residues and the α-GlcA H-4. The intensity of the two α-Rha H-1 crosspeaks in the HSQC spectrum is approximately half that of the others. nOe contacts were observed between the α-Gal H-1 and the α-GlcA H-2. By elimination, the two β-Gal residues are linked to the α-Rha O-2 and the α-Man O-6. These linkage sites are consistent with the observed downfield shifts for the 13 C resonances. These data suggest the presence of two different repeat units. One of them is composed of a heptasaccharide, while the other one contains an octasaccharide with a terminal Glc residue attached at the α-Rha O-3. This hypothesis was verified by the observation of an nOe between the terminal β-Glc (I) H-1 and the 2,3-α-Rha(D) H-3 resonances.
To confirm the presence of two different repeat units, the product of Smith degradation of EPS B was analyzed by 1D and 2D NMR spectroscopy (Table III and Figure 6 ). As expected, the 1 H NMR spectrum of Sd1 EPS B (Figure 6 upper spectrum) contained six anomeric resonances, which were assigned as arising from residues of 3,4 substituted-α-GlcA (a), 3-substituted α-GlcA (a ), terminal α-Rha (d), 3-subtituted-α-Man (b), and two 3-β-Glc (c, c ) residues (Table III) . The intensity of the Exopolysaccharide structure from diazotrophic Burkholderia strain These results corroborate that both repeat units observed in EPS B have a trisaccharide backbone, and that the rhamnosyl residue is present in the branch attached to the α-GlcA O-4. The above results do not distinguish between the presence of two polysaccharides with different repeat units, or microheterogeneity within a single polysaccharide chain. However, The chemical shifts are given in ppm. For both 1 H and 13 C, downfield from internal TMS at δ = 0.
de-O-acetylated EPS B (Figure 7 ) contained in the anomeric region four signals characteristic of protons in residues with the α-anomeric configuration, at δ H 5.559, 5.388, 5.290, 5.166 ppm, three resonances characteristic of residues with β-configuration at δ H 4.773, 4.582, and 4.449 ppm and just one methyl doublet at 1.269 ppm corresponding to the presence of one Rha residue. The HSQC spectrum of EPS B (Figure 8 ) showed seven crosspeaks of anomeric carbons. The crosspeaks at δ C 98.51 ppm was assigned to the 2,3,4-substituted α-GlcpA; the signal at δ C 100.22 ppm was attributed to the 2,3-substitued α-Rhap and the resonances at δ C 94.96 and 100.22 ppm were assigned to the terminal α-Galp and the 3,6-substituted α-Manp, respectively. The crosspeaks at δ C 103.26, 101.49, and 104.56 were attributed respectively to the 3-substituted β-Glcp, terminal β-Glcp, and terminal β-Galp residues. The relative intensity of the resonance at δ C 104.56 indicates the presence of two β-Gal terminal residues. The NOESY spectrum confirmed the connectivity of the sugar residues; interglycosidic correlations were observed between the anomeric proton of α-GlcA and H-3 of α-Man at δ H 3.92 ppm, between the H-1 of α-Man and H-3 (3.646 ppm) of 3-β-Glc and between H-1 of 3-β-Glc and H-3 of α-GlcA at 4.579 ppm establishing the sequence of the main chain →3) α-D-GlcpA(1→3)α-D-Manp(1→3)β-D-Glcp(1→ as proposed above. The presence of nOe contacts between the H-1 of α-Gal and the H-2 of α-GlcA at δ H 4.047 ppm, associated with the presence of an H-1/H-1 interresidual crosspeak, is consistent with the α-Gal linked at the O-2 of the GlcA unit. The position of the two last β-Galp residues was deduced by an nOe Exopolysaccharide structure from diazotrophic Burkholderia strain the spectrum enabled to trace the connectivity between t-α-Glc H-1 (4.608 ppm) and 2,3-α-Rha H-3 at δ H 3.977 ppm.
These results suggest that the EPS B is composed of a branched octasaccharide repeat units identical to those found in EPS B. These observations showed that the EPS B is a mixture of two exopolysaccharides one containing a heptasaccharide repeat unit and the other one an octasaccharide repeat unit (2D structure is shown in Figure 9 ).
Discussion
The data obtained in this and previous work (Mattos et al. 2001) define the structures of the repeating units of EPSs produced by B. kururiensis strain M130 (Baldani et al. 1997; Martínez-Aguilar et al. 2008 ) and reveal the complexity of polysaccharides present. Anion exchange chromatography separated EPS A (Mattos et al. 2001 ) and EPS B.
A combination of chemical and NMR analyses was decisive in establishing the structure of EPS B. The B. kururiensis strain M130 EPS B is a mixture of two partially O-acetylated acidic polymers one with a heptasaccharide branched repeating unit and the other with an octasaccharide branched repeating unit. Both polysaccharides were composed of Glc, GlcA, Gal, and Man residues and the less usual D-isomer of Rha.
The B. kururiensis M130 heptasaccharide repeating unit of EPS B is identical to that of one of the EPS produced by B. cepacia (Cerantóla et al. 1999; Cescutti et al. 2000) . The location of the O-acetyl groups was verified by Smith degradation analysis. Oxidation of native EPS B and subsequent reduction and mild hydrolysis show that all of the galactosyl and glucosyl terminal residues were destroyed with the formation of glycerol and threitol. Since threitol is derived from carbons 3, 4, 5, and 6 of Gal, it was deduced that some Gal units were substituted by the acetyl group at O-4. In addition, the other site of O-acetylation might be inferred to the O-4 position of 2,3-α-Rha since the de-O-acetylation reduces the heterogeneity in the methyl protons of Rha.
The B. kururiensis M130 octasaccharide repeating unit contains an additional β-Glc terminal residue attached at the α-Rha O-3. This structure was confirmed by the analysis of EPS B , which was purified from the supernatant of bacteria growth in the glucose-containing medium.
Simultaneous production of more than one EPS has been observed for several other Burkholderia species, including B. cepacia and B. caryophilli (Cérantola et al. 1996 (Cérantola et al. , 1999 , as well as for some plant-associated bacteria as Ralstonia (Burkholderia) solanacearum (Orgambide et al. 1991) , Azorhizobium caulinodans (D'Haeze et al. 2004) , Pseudomonas syringae (Osman et al. 1986 ) and Sinorhizobium meliloti (Aman et al. 1981; Glazebrook and Walker 1989; Reuhs et al. 1993 ). For example, S. meliloti is capable of producing two exopolysaccharides, succinoglycan and EPS II, both presenting high-molecular-weight and low-molecular-weight fractions (Wang et al. 1999) . It was demonstrated that production of the low-molecular-weight fraction of EPS II from S. meliloti, which provides the matrix for the development highly organized biofilms, conferring the ability of the bacteria to attach to root surfaces, is controlled by the a quorum-sensing system Rinaudi and González 2009) . Quorum sensing, which allows bacteria to sense and respond to their population density (Bassler 2002) , can affect the transcription of tens to hundreds of different genes in a given species controlling, among many others, EPS production, as it was recently observed for B. thailandensis (Chandler et al. 2009 ).
Exopolysaccharides are exocellular and consequently located at the interface between the bacterium and the eukaryotic host. The location and structural complexity of these polysaccharides make them of particular interest when studying the interaction between an endophytic bacterium and its host. Defining specific roles for EPS in the establishment of an endophytic association requires knowledge of the structure of the EPS and provides a basis for the examination of the possible correlations between EPS structure and mechanisms of interaction. The present work is a step toward this for diazotrophic Burkholderia species. The demonstration that the B. kururiensis EPS could be modulated under different growth conditions highlights the need for future studies on the role of EPS in the endophytic-host plant association.
Exopolysaccharide structure from diazotrophic Burkholderia strain Material and methods
B. kururiensis M130 cultivation and EPS purification
The B. kururiensis (strain M130) was obtained from the EMBRAPA Agrobiologia Culture Collection (Rio de Janeiro, Brazil). Bacterial growth and isolation of the bacterial EPS was performed as described previously (Mattos et al. 2001) . In addition, the EPS was isolated from the supernatant of B. kururiensis growth with 5 g/L glucose as the unique carbon source. Briefly, the supernatant culture was concentrated and submitted to precipitation overnight at 4
• C with 3 volumes of cold ethanol. The precipitate was collected by centrifugation at 12,000 × g for 10 min, dialyzed against distilled water, and lyophilized. The crude EPS was filtered through a 0.45 μm membrane and chromatographed on a MonoQ anion exchange column equilibrated and initially eluted (10 min) with a 0.01 M phosphate buffer, followed by a 0-1 M NaCl linear gradient over 120 min at a flow rate of 3 mL/min. The fractions were tested for the presence of neutral sugar using a colorimetric reaction (Dubois et al. 1956 ). The anionic EPS released with 0.5 M NaCl was recovered, dialyzed, and subjected to gel permeation chromatography on a Bio-Gel P-6 column. The positive carbohydrate fractions eluting in the void volume were pooled and lyophilized. This preparation was referred to as EPS B or EPS B . When necessary, for Smith degradation and NMR studies, the EPS B was de-O-acetylated by treatment with 0.1 M NaOH overnight at room temperature. After neutralization with acetic acid, the de-O-acetylated EPS B was dialyzed and lyophilized. The viscosity of EPS B solution was reduced by sonication in an ice bath with five bursts of 1 min each, with 2 min rest between cycles, in a ultrasonic apparatus (Sigma, GEX 600 Model) using a standard probe (13 mm radiating diameter).
Carboxyl reduction
The EPS B (10 mg) was carboxyl reduced according to Fontaine et al. (1994) . Previously sonicated polysaccharide was converted to its protonated form by passage through Dowex 50 (H + form) resin, dissolved in 5 mL of dimethyl sulfoxide, and methyl esterified at 25
• C at 72 h with diazomethane (10 mL). The EPS B methyl ester was reduced in a 1 M imidazol/HCl buffer (pH 7.0) (1 mL) by the addition of NaBD 4 (200 mg). After 24 h at 4
• C, the reaction was neutralized by the addition of glacial acetic acid, and the carboxyl-reduced EPS B was dialyzed and recovered after lyophilization.
Monosaccharide analysis
Monosaccharide composition of EPS B and B preparations was determined by GC-MS as their trimethylsilylated (TMS) methyl glycosides obtained after methanolysis (0.5 M HCl in methanol, 18 h at 80
• C) followed by trimethylsilylation with bis-(trimethylsilyl)trifluoroacetamide (BSTFA/pyridine (1:1, v/v), 1 h at room temperature (Sweeley et al. 1963 ), or as their alditol acetates obtained after hydrolysis (4 M trifluoracetic acid, 4 h at 100
• C) followed by reduction with NaBH 4 and per-acetylation with acetic anhydride/pyridine (9:1 v/v), 18 h at room temperature (Sawardeker et al. 1965) . GC analysis of the TMS methylglycosides was performed on a Varian Star 3400 gas chromatograph equipped with a DB-1 (30 m × 0.25 mm internal diameter column) (Supelco), using helium as a carrier gas at 40 kPa. The column temperature was programmed from 120
• C to 230
• C at 2 • C/min. GC analysis of the sugar alditol acetates was carried out on a Shimadzu 17 A gas chromatograph equipped with a BPX 70 12 m × 0.22 mm i.d. column (Chrompack) using helium as a carrier gas at 40 kPa. The column temperature was programmed from 120
• C to 230 • C at 2 • C/min. Identification by retention time was confirmed by GC-MS analysis on a Shimadzu GC 17 A gas chromatograph, interfaced with a GC-MS-QP5050 mass spectrometer (Shimadzu, Kyoto, Japan), applying the same gas chromatographic conditions as for GC. Electron impact (EI) was carried out using an ionization potential of 70 eV and an ionization current of 0.2 mA. Uronic acid was quantified by a carbazole reagent (Dische 1962) .
The absolute configuration of the glycosyl residues was determined by GC of their retention time with reference compounds (Gerwig et al. 1978) as 2-butyl glycosides under the conditions described for TMS methylglycosides, although the column temperature was programmed from 120
Methylation analysis EPS B preparation was methylated according to Paz Parente et al. (1985) using dimethyl sulfoxide/methylsufinyl lithium carbanion and methyl iodide. Permethylated EPS B was hydrolyzed (4 M trifluoracetic acid, 3 h at 100
• C) and the products reduced with NaBH 4 . Alternatively, the permethylated EPS B was methanolyzed with 0.5 M HCl in MeOH for 18 h at 80
• C. The methyl ethers obtained by either method were acetylated with Ac 2 O/pyridine (1:1, v/v, 18 h, 25
• C). The components of the mixture of partially methylated alditol acetates (PMAA) or partially methylated and acetylated methyl glycosides were identified by GC retention times, EI-MS fragmentation patterns (Bjorndal et al. 1967 (Bjorndal et al. , 1970 Fournet et al. 1981) . The GC-MS analysis was carried out under the conditions described for TMS methylglycosides, although the column temperature was programmed from 100
• C to 200 • C at 2 • C/min.
Smith degradation
Native EPS B and B , and de-O-acetylated EPS B were oxidized with 50 mM NaIO 4 in the 20 mM sodium acetate buffer, pH 4.6, in the dark for 72 h at 4 • C (Goldstein et al. 1965) . The excess of periodate was decomposed by the addition of ethylene glycol and the oxidized EPS B was dialyzed, lyophilized, solubilized in 10 mM NH 4 OH, and reduced with NaBH 4 for 6 h at room temperature. The excess of NaBH 4 was destroyed with acetic acid and the oxidized-reduced EPS B and B was desalted by dialysis and lyophilized prior mild acid hydrolysis. Mild acid hydrolysis was done in TFA, pH 2.0, at 80
• C for 30 min. The products in the mild acid hydrolysates were analyzed after acetylation by gas chromatography and fractionated on a Bio-Gel P-6 DG column (2 × 120 cm) eluted with water. The excluded fraction obtained by Smith-degradation of de-O-acetylated EPS B called Sd1 EPS B or Sd2 EPS B was lyophilized and used further analyses.
NMR spectroscopy
One-and two-dimensional experiments were recorded at a probe temperature of 60
• C on a Bruker DRX 600 spectrometer equipped with a 5 mm inverse detection probe, or at 70
• C on a Varian Inova 500 MHz spectrometer equipped with a 5 mm inverse detection probe. EPS B preparations were dissolved in D 2 O. Chemical shifts are reported in ppm relative to sodium 3-trimethylsilyl(2,2,3,3-2 H 4 )propanoate (TSP-d 4 ) δ H = 0.00 and L F Hallack et al.
δ C = −1.80 ppm, as internal reference (Wishart et al. 1995) . Proton signals were assigned by means of COSY, TOCSY, and HSQC-TOCSY experiments, and 13 C resonances were assigned by the 1 H-13 C correlations observed in the heteronuclear single quantum coherence (HSQC) and HSQC-TOCSY spectra. The HSQC-NOESY, NOESY, and ROESY experiments were used to determine the sequence of the residues in the oligosaccharide repeat unit of the EPS B. The HSQC-NOESY and HSQC-TOCSY sequences are adaptations of those of Crouch et al. (1990) using the HSQC sequence of Wider and Wüthrich (1993) . The mixing times in correlation experiments were 80 and 120 m (TOCSY), 150 m in the ROESY spectra, 50 m in the HSQC-TOCSY spectra and 100 m in the HSQC-NOESY experiment.
Funding
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Fundação Carlos Chagas Filho de Amparò a Pesquisa do Estado do Rio de Janeiro (FAPERJ).
